The interaction of cells with extracellular matrix components plays a significant role in the regulation of cell biology. Laminin is a large glycoprotein involved in fundamental interactions between cells and the basement membrane. Several cell surface receptors are responsible for cell-matrix interactions. The 67 kDa high affinity laminin receptor, 67LR, is involved in the adhesion of normal cells to the laminin network and is also associated with the metastatic phenotype of some tumoral cells. We have investigated the expression of laminin and of the 67LR in normal human skin using immunoperoxidase staining. Twenty samples of skin were analyzed. Antibody against laminin reacted in a continuous linear band at the dermal-epidermal junction, as well as basement membranes of hair follicles, sebaceous and eccrine sweat glands, and dermal blood vessels. The epidermis and the follicular epithelium were negative for laminin. The 67LR seemed not to be expressed on the basal surface of basal keratinocytes. The major expression of this receptor may be detected in the upper half of the spinous layer and in the granular layer. The cells of the outer root sheath in hair follicle showed the same immunohistochemical pattern described for epidermis. In sebaceous glands and in eccrine sweat glands the secreting epithelium was positive. Endothelial cells of dermal blood vessels were routinely positive for 67LR. We observed that the expression of the 67LR in normal human skin is mostly located in epidermal areas in which the keratinizing process was particularly advanced.
physiologically expressed by a large variety of cells and seems to be involved in the adhesion of normal cells to laminin network. This protein is also associated with the metastatic phenotype of some tumoral cells (8) . We have investigated the expression oflaminin and of the 67 kDa high affinity laminin receptor (67 LR) in normal human skin using immunoperoxidase staining.
MATERIALS AND METHODS

Sample collection
Twenty samples taken from adult skin obtained after plastic surgery were fixed in buffered 10% formalin and embedded in paraffin.
Pathologic examination on hematoxylin and eosin stained sections confirmed the normal morphology of the samples.
Antibodies
Rabbit anti human laminin 1 antibody (SIGMA Chemical Co., St. Louis, Missouri) and the mouse monoclonal antibody MLuC5 ofIgM isotype (a generous gift from Dr. Maria Ines Colnaghi, Division of Experimental Oncology E, National Cancer Institute, Milan, Italy) raised against the 67 kDa laminin receptor were used in this study (12) .
Immunohistochemical localization oflaminin
Paraffin-embedded tissue 5-mm thick sections were deparaffinized through xylene, rehydrated through a graded series of ethanols and treated with hydrogen peroxide 3% for 5 minutes to block endogen peroxidase and with goat normal serum (SIGMA Chemical Co., St. Louis, Missouri) for 10 minutes to reduce non specific binding. Then the sections were incubated with rabbit anti human laminin antibodies, diluted 1:100 in PBS for 60 minutes and, after washing, with goat anti IgG rabbit antibodies at the same dilution for 20 minutes. The sections were treated with the avidin-biotin-peroxidase complex (Vectastain ABC kitVector Laboratories Inc., Burlingame, California) for 20 minutes. The peroxidase reaction was performed using 3-amine-vethylcarbazole in N,N-dimethylformaldeid (SIGMA Chemical Co., St. Louis, Missouri) for 10 minutes.
The sections were counterstained with hematoxylin and eosin. For negative controls, sections were incubated with comparable dilution of normal rabbit serum (SIGMA Chemical Co., St. Louis, Missouri).
Immunohistochemical localization ofthe 67 kDa high affinity laminin receptor
Paraffin-embedded tissue 5-mm thick sections were deparaffinized through xylene, rehydrated and treated with hydrogen peroxide 3% for 5 minutes to block endogen peroxidase and with goat normal serum for 10 minutes to reduce non specific binding. The sections were then incubated with mouse monoclonal antibody raised against high affinity laminin receptor, diluted 1:100 in PBS containing 4% of bovine serum albumin (SIGMA Chemical Co., St. Louis, Missouri), for 30 minutes and then with goat anti mouse antibody (SIGMA Chemical Co., St. Louis, Missouri) at the same dilution, for 30 minutes. The sections were treated with the avidin-biotinperoxidase complex (Vectastain ABC kit ® -Vector Laboratories Inc., Burlingame, California) for 20 minutes.
The peroxidase reaction was performed using 3,3'-diaminobenzidine as peroxidase substrate and the sections were counterstained with hematoxylin and eosin.
For negative controls, sections were incubated omitting the primary antibody.
RESULTS
Immunohistochemical analysis oflaminin
Twenty samples ofnormal human skin from adults who had undergone plastic surgery were analyzed. Antibody against laminin reacted in a characteristic pattern with a distinct staining of the dermalepidermal junction as well as basement membranes of hair follicles, sebaceous and eccrine sweat glands, and dermal blood vessels. All these structures are known to possess basement membranes containing laminin. The laminin immunohistochemical pattern revealed a continuous linear band at the dermal-epidermal junction, around skin appendages and in blood vessel walls (Fig. I) . The epidermis and the follicular epithelium were routinely negative for laminin. The dermal connective tissue did not react with anti laminin antibody.
Immunohistochemical analysis ofthe 67 kDa high affinity laminin receptor
Monoclonal antibody MLuC5 raised against the 67 kDa high affinity laminin receptor was used in immunoperoxidase technique to evaluate the expression of this molecule on formalin-fixed paraffin-embedded samples of human skin. Twenty samples of histologically confirmed normal human skin were studied. Within each of them the 67 kDa laminin receptor seemed not to be significantly expressed on the basal surface of basal keratinocytes, the cellular region in conctat with the laminin polymer of the basement membrane. The expression of the 67 kDa laminin receptor has been described as transepidermal and heterogeneous (13) . Nevertheless, in our specimens the major expression of this receptor was detected in the upper half of the spinous layer and in the granular layer (Fig. 2) . The staining is mostly localized in the cytoplasm of epidermal cells. The cells of the outer root sheath in hair follicle (Fig. 3) reveal the same immunohistochemical pattern described for epidermis. Sebaceous glands (Fig. 4 ) and eccrine sweat glands (Fig. 5) were characterized by immunostaining of the secreting epithelium. Endothelial cells of dermal blood vessels were routinely positive for 67 kDa laminin receptor. No peculiar differences in distribution and intensity of immunostaining were seen when samples were examined on the basis of body region origin.
DISCUSSION
Skin basement membrane is a particularly complex layer separating the epidermis and the dermis. The basal pole of basal keratinocytes lies on the lamina lucida, an electron lucent zone in which laminin forms a polymer framework (14) . Laminin is a cross-shaped glycoprotein produced by a large variety of cells. In human skin it is produced by basal keratinocytes and it is absent in normally differentiated squamous epithelium (15) . Laminin is found to dramatically influence cell attachment, spreading, growth and differentiation and to mediate the cell-matrix interactions (16) . Variations in laminin distribution have been described in transformed and neoplastic cells (17) . Laminin is also involved in wound healing and promotes the neurite outgrowth (5, 17) .
Laminin is the first extracellular matrix molecule to be synthesized during mouse embryogenesis (16) . The B chains may be detected at the two-cell stage (5, 16) , whereas the A chain is detected from the 16-cell stage (5) . There are variant forms oflaminin within a given species which are expressed at different stages of development and in different tissue locations (4, 18) . In human skin the so-called "classic" laminin, composed of three subunits, A, Bland B2 chains, is the predominant isoform in the cutaneous basement membrane zone (19) (20) . To detect the presence of this molecule in tissue samples, and consequently to show the existence of the ligand for the 67 kDa laminin receptor, immunoperoxidase technique was used in this study. In accordance with what has been reported in the literature (21) , laminin was present at the dermalepidermal junction of all the 20 samples analyzed in this study. The epidermis was routinely negative for this molecule. In the dermis the basement membranes of skin appendages and blood vessels were positive. Several surface molecules involved in cell-matrix interactions have been identified. The so-called adhesion molecules are present in human skin and are involved in several pathologic conditions. Among these molecules integrins, the immunoglobulin gene family, cadherins and lectin-like glycoproteins (ELAM-1, gp90, GMP140) have been investigated (22) .
The 67 kDa laminin receptor was first identified by three independent research groups (9-11) and its name is related to its extremely high affinity for laminin with a dissociation constant of2 nM (Kd=2nM). It may be detected on the cell surface of normal and neoplastic cells and seems to mediate strong cell adhesion. The 67 kDa receptor binds to laminin with a 1:1 stoichiometry. By electron microscopy it appears as a globular structure of 5.2 ± 0.8 nm in diameter, which mainly binds to the long arm oflamininjust below the intersection of the laminin arms (23) .
Using monoclonal antibodies against 67 kDa laminin receptor Castronovo et al (24) could inhibit the binding of cell membranes to laminin. They demonstrated that the epitop is phisiologically accessible from the extracellular compartment. They could also identify peptide G, a sequence of 20 amino acids corresponding to 161-180 aminoacidic residues, which specifically binds to laminin with a stoichiometric ratio 1:1 (24) (25) . 67LR is associated to cytoskeleton and it is able to bind laminin through the YIGSR-containing adhesion-promoting sequences from the laminin B 1 chain (5). This receptor colocalizes with the cytoplasmic proteins a-actinin and vinculin into discrete structures. 67LR appears to be a major receptor necessary for mediating cells spreading via YIGSR (25) (26) .
The synthesis of this receptor starts with the production of a 37 kDa precursor encoded by a 1.2 kb mRNA (27) . Acylation is involved in the processing of the receptor (28) . The 37 kDa precursor strongly binds by intramolecular hydrophobic interactions to another molecule, probably belonging to the lectin family, through a transpeptidation process. This second peptide may represent the limiting factor in 67 LR biosynthesis (8, 29) . Recent studies of cDNA coding for 37 kDa polypeptide have shown it may be considered as a ribosome-associated protein p40. However, there is no serious evidence for it being a structural ribosomal protein (30) . The gene coding of the active 37 LRP/p40 human precursor has been isolated and it is localized on chromosome 3 in the locus 3p21.3 (31) .
There is an almost complete homology among amino acid and nucleic acid sequences of human, bovine and murine receptors (8) . Also, in both the human and the murine genomes, multiple copies ofthe gene encoding the 37 kDa laminin receptor precursor have been described and imply the existence of a strong selective pressure for the maintenance of the 67LR expression (32) . In the human genome, the number of copies of 37LRPIp40 is 26 ± 2, but most of them are pseudogenes arising from retropositional events. Housekeeping genes, essential for cell survival, are often accompanied in the genome by a collection of pseudogenes, which could have given a cell survival advantage during evolution (30) .
The 67 kDa receptor contains a protein binding site, a carbohydrate binding site that interacts with galactoside sugars, and a membrane binding site through which the molecule attaches to plasma membrane (7) . It appears to be a "bifunctional" molecule with separate domains binding to proteins and to carbohydrate. Galactosugars may regulate the affinity to the receptor prote in binding site by increasing the dissociation constant. Consequently, proteins bind to this receptor but the decreased ligand binding time could allow receptor mediated processes to occur much more rapidly (7) .
Some controversies arise when the 67LR is compared to the 67 kDa elastin receptor. Functional and immunological similarities between these molecules have been described (33-35). The 67 kDa elastin receptor mediates cell adhesion to elastin and the assembly of elastin fibers. It also protects insoluble elastin from extracellular proteolysis and contributes to the stability of the protein. It is considered as an intracellular "chaperone" to tropoelastin and prevents this highly hydrophilic protein from self-aggregation and proteolytic degradation (35).
The 67 kDa protein is localized on the cell surface and it is able to bind laminin , collagen IV and elastin (36). It could bind to its ligands in absence of galactosugars, while the binding of galactosugars to its lectin component causes modifications of molecular folding which produces discharge of the ligand and the release of the receptor from the cell surface. Elastin binds with high affinity in the absence ofgalactose, but the presence of galacto sugars induces a conformational change that results in a drop of affinity for elastin (38) . The 67LR may modulate several biological activities. Experimental data allude to its involvement in cell adhesion, in melanoma cell haptotaxis (which corresponds to a directed migration of cells along a gradient of a substratum-bound insolubilized factor in vitro) (20) and in leukocyte chemotaxis in response to laminin. This receptor is also deeply involved in tumor invasion and metastasis (8) .
In the cardiovascular system this receptor is present on both adherent cardiovascular system cells and on circulating inflammatory cells (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) . It is involved in balancing degradation processes initiated by inflammatory cells and in the response of adherent cells to alterations in surrounding extra cellular matrix. These events may playa key role in the initiation and progression of atherosclerosis, as well as in the fibrotic processes secondary to myocardial infarction (54) (55) . Few studies (13, (56) (57) deal with the expression ofthe 67 kDa high affinity laminin receptor in normal human skin and appendages. We observed an epidermal expression of the 67LR, the major expression of this receptor was detected in the upper half of the spinous layer and in the granular layer (13) . In these epidermal regions immunohistochemical staining for laminin was routinely negative. Since the plasma membrane of basal keratinocytes lies on the laminin polymer in the lamina lucida, we should expect a characteristic a6b4 integrin expression of the 67LR in this region. The negati vity of basal keratinocytes could be due to the binding of the 67LR to laminin (7). Ardini et al (58) have recently shown the correlation of 67LR and a6 subunit expression and the physical association of 67LR and a6~4 integrin in tumoral cells. The Authors have hypothesized that 67LR is an auxiliary molecule involved in regulation or stabilization of the interaction between laminin and a6~4 integrin.
Regarding the skin appendages, we noticed an intense immunohistochemical staining of the outer root sheath in hair follicle. Sebaceous and eccrine sweat glands show immunohistochemical staining of secreting epithelium. In the dermis, endothelial cells of blood vessels were routinely positive for 67LR. Experimental data from Tennenbaum and colleagues (56) demonstrated that 67LR is mostly expressed on plasma membrane of keratinocytes in spinous and granular layers in mouse skin. On the contrary, basal keratinocytes show little expression of this molecule. Tennenbaum and co-workers (57) have also demonstrated that in cultured mouse keratinocytes, the expression ofthe 37LR precursor is related to Calcium induced differentiation and to the expression of keratin 1. Hung et al (59) have shown that in the Sea urchin LBP/p40 may play a significant role in protein synthesis and/or cell division. These results suggest a possible role of laminin and laminin binding proteins in the early phases of normal keratinocyte differentiation. The Authors suggest the possible binding to other proteins of the plasma membrane or to the intercellular substance. We observed that immunostaining was mostly located in the cellular cytoplasm. This is suggestive of a prevailing expression of this receptor in epidermal regions characterized by an advanced keratinizing process. The positivity for the 67 kDa high affinity laminin receptor should be considered as a marker of cellular differentiation.
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